During the process of aging, the fraction of CD4 T cells with a naive phenotype, that is, Pgp-1-CD45RBHighMEL-14 +, decreases in favor of CD4 T memory cells. Total CD4 T cells from aged mice displayed a diminished calcium response to anti-CD3 and even ionomycin as compared to the cells from young mice, and this was related to the changed composition of the CD4 T-cell population. Regardless the age of the donor mice, naive CD4 T cells effectively increased intracellular calcium, whereas memory CD4 T cells were impaired in this regard. In addition, a heterogeneity in the differentiation stage of the naive CD4 T cells was shown by the observation that calcium mobilization in naive CD4 T cells from young mice was more profound than that in their aged counterparts. These data thus indicate that during the acquisition of a memory phenotype, murine CD4 T cells lose the capacity to increase intracellular calcium, which in turn may be responsible for the decreased level of IL-2 production by these cells.
INTRODUCTION
Aging is accompanied by a decrease in the capacity of CD4/T cells to produce interleukin-2 (IL-2; Gillis et al., 1981; Thoman and Weigle, 1981) . However, it still remains to be established to what extent this phenomenon is due to intrinsic defects related to the process of aging or to a different stage of differentiation of the CD4 / T cells. The expression of the IL-2 gene is dependent on the induction of the nuclear factor of activated T cells (NFAT-1; Shaw et al., 1988; Crabtree, 1989) , which in turn is regulated by at least two intracellular events that are the result of perturbation of the CD3-TCR complex, that is, an increase in intracellular calcium and the activation of protein kinase C (Verweij et al., 1990; Hivroz-Burgaud et al., 1991) . Interestingly, it has been shown that T cells from aged mice (Miller et al., 1987) and man (Grossmann et al., 1989) (Lerner et al., 1989; Ernst et al., 1990; Nagelkerken et al., 1991; Dobber et al., 1992) , pointing to a decrease in the number of naive CD4 / T cells in favor of memory cells. In the mouse, we have demonstrated that this increase in the fraction of CD4/T memory cells is functionally related to the decrease in the production of and an increase in the production of IL-4 and interferon-, (Nagelkerken et al., 1991) . From this and other studies (Bottomly et al., 1989; Lee et al., 1990) (Lerner et al., 1989; Ernst et al., 1990; Nagelkerken et al., 1991) . In Fig. 1 (Nagelkerken et al., 1991) . Phenotypically, an age-related decrease in the fraction of CD45RBHighpgp-1-CD4 + T cells in favor of CD45RBLWpgp-1/+CD4/ T cells is observed (see Fig. 1 ). Pgp-1 has previously been associated with memory CD8 / T cells (Budd et al., 1987; Butterfield et al., 1989) and this is consistent with the observation that the fraction of Pgp-1 / T cells increases with age (Philosophe and Miller, 1989; Dobber et al., 1992;  (Miller et al., 1987; Grossmann et al., 1989;  this paper). On The fact that in our previous studies (Nagelkerken et al., 1991) IL-2 production could be enhanced by stimulating CD45RBLwCD4/ T cells with the combination of PMA and ionomycin is in line with our present observation that ionomycin--in contrast to anti-CD3--was capable to induce an increase in intracellular calcium (Table 1) . That ionomycin did not induce calcium mobilization in all old CD4
/ T cells was a consistent finding that may be due to the increased heterogeneity in the differentiation stage of these cells and that is possibly due to an increased activity of calcium 39umps.
Our results suggest that during the process of differentiation from naive to memory cells, CD4 / T cells lose their capacity to increase intracellular calcium when stimulated in a physiological manner. A possible explanation might be that cAMP levels are increased in memory cells, which, in turn, is inhibitory for the hydrolysis of phosphatidylinositol and thus calcium mobilization (Friedrich et al., 1989) . We are currently investigating this possibility, which is supported by our observation that CD4 / T-cell populations enriched for memory cells are less sensitive for inhibition by cAMP inducers (Dobber and Nagelkerken, manuscript in preparation). Alternatively, memory cells may depend on other intracellular pathways that are mediated, for example, by CD28 (Fraser et al., 1991 . T cells were incubated (30 min on ice) with 10/ g/ml anti-CD3 antibody (Leo et al., 1987) 
